Introduction: Little is known about people diagnosed as HIV-positive who access HIV care early in their disease. In pre-ART studies published to date, only a minority of the participants have CD4500 cells/ml. Methods: This cross-sectional study compared individuals presenting for HIV care with CD4500 cells/ml, ''pre-ART'' (N0247), with individuals who had CD4 B200 cells/ml or WHO Stage IV, ''ART-eligible'' (N0385). Baseline characteristics were contrasted between the two groups and logistic regression models used to explore group differences in: (a) being sexually active in the last month; (b) disclosure of HIV status to current partner; (c) knowing the HIV status of one's current partner; and (d) condom use at last sex. Results: Pre-ART and ART-eligible individuals were similar in terms of a wide range of socio-demographic characteristics. Controlling for gender, only current sexual behaviour and HIV-testing history were significantly different between ART groups. In multivariable models, participants in the pre-ART group were twice as likely to be sexually active in the last month, OR 2.06 95% CI (1.32, 3.21), and to know their partner's status, OR 1.95 (1.18, 3.22) compared to those in the ART-eligible group. Self-reported disclosure of HIV status to current sexual partner (71%), condom use at last sex (61%) and HIV concordancy within relationships were not significantly different between the two ART groups. Overall, 39% of the study participants reported knowing that they were in concordant HIV-positive relationships. Fifty-five percent of all participants reported not knowing their partner's HIV status, only half of whom reported using a condom at last sex. Pre-ART individuals were significantly less likely to have tested HIV-positive for the first time in the last year and to have tested for sickness-related reasons than the ART-eligible group. Conclusions: Reported sexual risk behaviours by pre-ART individuals with CD4 500 cells/ml suggest a continued risk of onward HIV transmission. There is a need for positive prevention efforts to target this group given that current treatment guidelines do not provide them with ART. Strengthening support regarding disclosure, partner HIV testing and consistent condom use, and further promotion of HIV testing in the community to assist earlier diagnosis are urgently required.
Introduction
People diagnosed as HIV-positive who have accessed HIV care but are not yet eligible for antiretroviral treatment (pre-ART) have received little attention other than as a comparison group for assessing the impact of antiretroviral treatment (ART) on sexual behaviour [1Á4], economic activities [5] or more recently their attrition from HIV care clinics [6Á9] . HIV-positive individuals are more likely to be partnered, be sexually active, have unprotected sex and more than one sex partner during the pre-ART period than post-ART initiation [1, 10] . However, in studies published to date pre-ART is usually defined by CD4 200 cells/ml and only a minority have CD4 500 cells/ml.
Recently, recommendations for ART eligibility have expanded to include all HIV-infected individuals with CD4 B350 cells/ml [11] , and treatment with ART has been shown to substantially lower the probability of onward HIV transmission [12, 13] . HIV-infected individuals with CD4 500 cells/ml thus remain potential contributors to transmission of HIV in the community. Although they may be less infectious at this earlier stage of disease and healthier than individuals with more advanced HIV disease, they do not benefit from viral load suppressive-ART. They are less likely to present at clinics for HIV care and less likely to attend regularly than pre-ART individuals with lower CD4 counts [6] . Individuals who access HIV care while having CD4 500 cells/ml can be considered to be a special group; insight into their characteristics may provide an opportunity for tailoring HIV prevention strategies.
A prospective cohort of HIV-infected individuals in the Hlabisa sub-district of uMkhanyakude in northern KwaZulu-Natal, South Africa, which aimed to investigate the impact of ART on family and partner relationships, and sexual behaviour, allows us to compare pre-ART individuals accessing the local HIV care programme with individuals newly identified as ARTeligible. This article aims to describe the characteristics of a pre-ART group of individuals who have CD4 500 cells/ml, and examine whether their socio-demographic and behavioural characteristics, their partnerships and current sexual behaviour differ from those of ART-eligible individuals.
Methods
The Hlabisa HIV Treatment and Care Programme is a partnership between the Department of Health (in 17 Primary Health Care clinics, PHCs) and the Africa Centre for Health and Population Studies [14] . People first access care from the programme for HIV counselling and testing. Blood is taken for CD4 measurement after a positive HIV diagnosis, and, with clinical staging, used to determine ART eligibility. During follow-up clinic visits, pre-ART individuals receive individual counselling, with advice on healthy living, disclosure, partner notification and testing, transmission risk reduction measures and family planning. They are advised to return six months later for repeated clinical and CD4 count assessment. Since the inception of the programme in 2004 more than 50,000 HIVpositive individuals have accessed HIV services at least once, and approximately 25,000 initiated ART (Colin Newell, personal communication, June 2013). In part of the programme catchment area, the Africa Centre has collected longitudinal social, demographic and health data among a population of 90,000 since 2000 (see www.africacentre.ac.za) [15] .
This article uses baseline data from a cohort study described in detail elsewhere [16] . In brief, men and women diagnosed as HIV-positive, accessing the HIV treatment and care programme in 3 of the 17 PHCs, aged 18 years or older and resident within the Africa Centre Demographic Surveillance Area (ACDSA), were eligible for this study. From January 2009, individuals were screened for study eligibility when they returned to the clinic to receive their CD4 test result. The criteria for the study's ART-eligible group was consistent with the national guidelines for ART-eligibility in 2009, a CD4 B200 cells/ml or WHO Stage IV HIV disease. Individuals eligible for the study's pre-ART group had CD4 500 cells/ml; this cut-off was chosen to allow repeated measures of this group over time before they initiated treatment [16] .
Individuals were enrolled after giving written informed consent, which included separate consent to link their study data to routine clinical data in the ART programme and the AC surveillance database (ACDIS). Once enrolled, a baseline questionnaire, focused on socio-demographic, behavioural and partnership-level characteristics, was administered in a private room by study staff not involved in the programme. The sexual risk behaviour information collected included details of up to three sexual partners in the last six months, sexual activity and condom use, and knowledge of partner's HIV status. The questionnaire also included adapted versions of a gender norms (social expectations for appropriate behaviours of men as compared to women) scale [17] and internalized HIV stigma scale [18] , four statements measuring perceived self-efficacy (people's beliefs about their capabilities to produce effects [19] ) and questions examining the level of social support and social capital available to individuals that derived from Myer et al. [20] , and Pronyk et al. [21] . Matching participants to the ART programme database provided a history of clinic attendance for both groups and more detailed clinical information about TB diagnosis and laboratory tests. Matching participants to the ACDIS database provided migration histories [22] .
The ethics committees of the University of KwaZulu-Natal (ref BF083/08), the London School of Hygiene and Tropical Medicine (ref. 5413), and the provincial Department of Health in Pietermaritzburg approved this study.
Analysis
Baseline characteristics were compared between the two groups using Chi-square tests for categorical variables and Wilcoxon rank sum tests for continuous variables. Previous studies in the local area have shown that approximately 32% of ART-initiators are men, and that among pre-ART individuals, the proportion of males is even lower [6, 23] . Thus, when statistically significant differences were identified between the two ART groups, the comparison was repeated within gender-specific groups to remove any confounding by gender.
Reasons for testing at the time of the participant's first HIV-positive test were grouped into self-initiated or not, and the self-initiated group was further divided into sickness-and non-sickness-related reasons. Gender norms items and internalized HIV stigma items had three options for each answer: agree, no opinion and disagree. The answers were coded and summed within each scale for a gender norm score (possible range: 19Á57, higher scores indicating more support for equitable norms) and a stigma score (possible range is 24Á72, a high score representing greater stigma) for each individual.
A priori, the exploration of group differences was of particular interest for four proximate determinants of onward transmission of HIV: (i) being sexually active in the month before baseline among those with at least one ongoing partnership at baseline; (ii) disclosing of HIV status to current partner by baseline; (iii) knowing the HIV status of one's current partner; and (iv) using condoms with a current partner among those who were sexually active in the last month. These outcomes were initially examined using logistic regression models for any association with study group, with and without adjustment for gender and age. For the subset of outcomes that were significantly different between study groups after adjusting for gender and age, group differences were explored in multivariable analysis. Age, gender and any baseline characteristics with a likelihood ratio test p-value of B0.05 were included in the final multivariable models. Continuous measures were considered for model inclusion as categorical variables represented by dummy indicators. Recruitment clinic, as a proxy for unmeasured characteristics of the participants that may have differed between clinic populations, was considered in each multivariable model. The models involved a participant-level analysis for outcome (i) and a partnership-level analysis for outcomes (ii)Á(iv) with variance adjustment for correlation between participants' multiple on-going partnerships. For partnership-level multivariable analyses, partner characteristics and relationshiplevel variables including fertility and fertility intentions, history of physical violence with current main partner, patterns of decision-making, and the length and quality of that relationship, were also considered as possible factors in the model. Wald tests were used to assess the contribution of each variable to the final partnership-level multivariable models. All statistical analyses were performed using STATA version 11.2 (StataCorp, College Station, TX, USA).
Results
Recruitment ended March 2011, with 632 individuals enrolled: 247 in the pre-ART group (14% male) and 385 in the ART-eligible group (37% male). All but one participant was matched with the HIV treatment and care programme database and 505 (80%) were matched with ACDIS.
The two groups were similar in terms of age, marital status, education, parity, employment status, religion, socioeconomic status, stigma scores, gender norms, and most aspects of social capital and support (Table 1) . Crude differences in residential and employment histories, and receipt of a government grant were driven by gender differentials; males were more likely to have had a period of non-residence, been employed, and less likely to be receiving a government grant than women [24] . Table 2 shows how HIV-testing history differs between groups. ART-eligible individuals were significantly more likely to have tested positive for the first time in the last year and for sickness-related reasons than the pre-ART group. These differences remained significant within gender and within the subset that tested HIV-positive on their first HIV test. Almost all men (93%) reported having self-initiated their HIV test, compared to 71% of women (pB0.001). In most instances where a woman did not self-initiate her test, the test took place in antenatal care. For ART-eligible individuals, the recruitment CD4 test was significantly more likely to represent the first interaction with the ART programme and a shorter length of time engaged in care than for pre-ART individuals. Despite these differences in testing history and previous interaction with the ART programme, the proportion who had disclosed their HIV status to anyone by baseline was not significantly different, 87%, p 00.58. Only 1% in each group reported being a member of an organization that supports people with HIV/AIDS (p 00.84), with no difference by recency of HIV diagnosis.
The majority (69%) of each group answered positively the question ''Since you found out you were HIV positive, have you changed your sexual behaviour in any way?'', in the following ways: ''used more condoms'', ''reduced number of partners'', ''stopped having sex'', ''talked to partner about HIV'', ''been faithful to one partner'' or ''other.'' Comparing the pre-ART to the ART-eligible group, a larger proportion reported using more condoms (71 vs. 58%, pB0.001), and talking to their partner about HIV (31 vs. 14%, p B0.001), but fewer had abstained from sex (21 vs. 40%, p B0.001) or changed their interest in sex (38 vs. 53%, p B0.001). The change in interest in sex due to HIV most frequently reported by both groups was ''a decreased interest'' and ''feeling unwell'' with both reported more frequently by the ARTeligible group.
Controlling for gender revealed no difference in the number of lifetime partners or sexual partners in the last six months reported by ART group, but the pre-ART group was significantly more likely to have been sexually active in the last month than the ART-eligible group (Table 3) . There was no significant difference in reported coital frequency in the last month between ART groups, except among men where the median number of sex acts in the pre-ART group was twice that of the ART-eligible group (4 vs. 2, p 00.005). In each group, 73% reported consistent condom use in the last month (p00.31). Table 4 shows the final multivariable model for being sexually active in the last month among those reporting at least one on-going partnership at study baseline. The pre-ART group remained significantly more likely to be sexually active in the last month than the ARTeligible group, aOR: 2.06 95% CI (1.32, 3.21).
In the two groups combined, 487 partnerships were ongoing at study baseline involving 468 participants, with 36 (7%) of the relationships reported as not sexually active at baseline. In 71% of the partnerships, participants reported to have disclosed their HIV-positive status to their partner before recruitment to the study, and 61% reported using a condom at last sex (with no difference between groups in models with age and gender, p 00.96 and p00.48, respectively). Among the pre-ART group, the participant knew their partner's HIV status in 49% of partnerships, compared to 42% among the ART-eligible group (p00.12); however, in a multivariable logistic regression model (Table 5) , the pre-ART group was twice as likely to know their partners' HIV status than the ART-eligible group, aOR 1.95 (1.18, 3.22) after additional adjustment for whether the participant had disclosed their own HIV status to their partner, perceived their partner to have had sex with other people in the last six months, cohabited with their partner, discussed having another child with their partner, used a condom at last sex, and gender norms score. An interaction term between gender and group was not significant, p 00.68. None of the other partner characteristics or relationship-level variables were significant in the final model. Overall, 39% of the study participants knew they were in concordant HIV-positive relationships. Condom use at last sex was significantly lower in both ART groups among those who did not know their partners' HIV status.
Almost all respondents in both ART groups reported that they would be able to discuss their HIV-positive status, refuse unsafe sex with a sexual partner even if they were being pressured to be unsafe, and suggest using condoms with a new sexual partner, yet approximately 30% in both groups had not disclosed in their current relationship. Controlling for gender, the pre-ART group was significantly less certain that they would have sex with a condom when a sexual partner becomes a regular partner compared to the ART-eligible group. When asked whether knowing the HIV status of a future partner would be important to them, 97% said it would be very important (no differences by group, p 00.60). However, the specific desired HIV status of a future partner differed between the two groups, with 68% of the pre-ART Gender-specific data are presented only when there is a significant difference between ART groups overall. b,c,d A Chi-square test of ART-eligible vs. pre-ART; b overall, c among females, d among males. e Available for N0488. In the Africa Centre surveillance system, household membership is not conditional on residency, an individual can be recorded as a non-resident household member if they are residing in a household outside the demographic surveillance area (DSA) but remain socially connected to a household in the DSA. Changes in residence by individuals and households are documented within the DSA (internal migration) and into or out of the DSA (external migration) since January 2000. ART-eligible Pre-ART N 0212
ART-eligible 
N0385
Pre-ART
N0247
ART-eligible
N0244
N0212
ART-eligible (11) 74 (31) 23 (11) 39 (28) 5 (14) HIV-positive, not on ART 24 (6) 22 (9) 13 (5) 19 (9) 11 (8) 3 (9) HIV-negative 61 (16) 23 (9) 43 (18) 17 (8) 18 (13) 6 (17) Their actual HIV status would not matter but I would want to know it 176 (46) 168 (68) 107 (44) 147 (69) 69 (49) 21 (60) Not important at all
Chi-square test of ART-eligible vs. pre-ART; a overall, b among females, c among males. d Of those who reported at least one sexual partner in the last 6 months. e Overall, no ART group difference, but the gender-specific data are provided because this variable was significantly different between groups within gender. f Among the 487 relationships on-going at baseline. g There was no significant difference by ART group in a logistic regression model adjusting for age and gender. h Test for homogeneity. group and 46% of the ART-eligible group saying the partner's status would not matter as long as they knew it (p B0.001).
More of the ART-eligible group wished a future partner to be HIV-positive and on ART (Table 3) . However, among individuals in on-going relationships who said it would be very important to them to know a future partner's HIV status, only 55% knew their current partner's status and this was not statistically different between ART groups (p00.27)'.
Discussion
This study demonstrates that pre-ART individuals with CD4 500 cells/ml and ART-eligible individuals have similar socio-demographic characteristics, except for current sexual behaviour and HIV-testing history. Participants in the pre-ART group are twice as likely to be sexually active in the last month and twice as likely to know their partner's status, compared to ART-eligible individuals. Despite the pre-ART group reporting more frequently that they had increased condom use and talking to their partner about HIV since learning their HIV status, condom use and HIV disclosure to their partner were reported at the same levels as the ART group. Overall, 71% reported disclosure of their HIV status to their current sexual partner and 61% to using a condom at last sex. These risk behaviours occur in spite of riskcounselling that occurs at the clinics. Barriers to safer sex for people living with HIV include fear of disclosure, negative attitudes to condoms, lack of partner support and fertility intentions [25] . The proportion of participants not knowing their current partner's HIV status (55%) is higher than previously reported among a HIV-positive cohort in Soweto, South Africa [26] . As in the Venkatesh et al. study, women in our study are significantly less likely to know their partner's status than men. In our study, only half of those not knowing their partner's status report using a condom at last sex. These findings suggest that facilitating partner testing and alternative HIV prevention options for safer sex would be beneficial. The risk behaviours of the CD4 500 cells/ml group are of particular concern because current WHO guidelines only provide ART to HIV-infected people with CD4 B350 cells/ml [11, 12] . Thus, people with CD4 500 cells/ml will remain a key group contributing to the continued spread of HIV. The proposed treatment-as-prevention strategy whereby HIV-infected individuals are initiated on ART as soon as they are identified irrespective of CD4 count, may reduce the risk of onward transmission in this group [27] .
In contrast to the previous studies focusing on the impact of ART use on sexual risk behaviours in Africa [2Á4], our study compares sexual behaviours of ART-naïve individuals accessing HIV care at earlier vs. later stages of HIV disease according to their CD4 counts. In multivariate analysis, the pre-ART group are twice as likely to be sexually active in the last month indicating that illness (represented by lower CD4 count) is associated with less sexual activity. Venkatesh et al. used data from an urban HIV clinic in Soweto, South Africa and considered ART status as a time-varying covariate, comparing the pre-ART period to the on-ART period [1] . The authors found that the pre-ART period was associated with significantly increased odds of being sexually active compared to the on-ART period. Assuming the pre-ART period in their study represents, on average, higher CD4 counts than the on-ART period, their results are consistent with our study findings. In our study groups, disclosure levels within current partnerships did not match the perceived self-efficacy of individuals to disclose to future partners. Whether this reflects issues related to the current relationship that the individual believes will not affect future relationships, or whether participants are unrealistic about future relationships, is not possible to discern in this study. Among the numerous relationship attributes and partner characteristics collected, few were significantly associated with HIV disclosure and knowledge of partner status. Cohabitation with a partner, having discussed whether to have another child with that partner, and being confident that a partner had not recently had sex with someone else, were all associated with knowledge of partner status. This suggests that couplefocused interventions that improve communication and the quality of relationships may facilitate mutual HIV disclosure within couples and reductions in sexual risk behaviours [28] .
The pre-ART group sought health care earlier than the ARTeligible group as measured by participants' HIV-testing history. This was beneficial for the individual's own health and crucial for the broader community, both for opportunities to reduce onward transmission but also to normalize testing and care in the community. In contrast, many of the ART-eligible group presented late to the HIV clinic, with a sickness-related reason for testing, suggesting that there is a need to further promote HIV testing in the community to assist earlier diagnosis. A recent South African HIV counselling and testing campaign tested over 13 million South African adults by June 2011, and the South African National Strategic Plan for 2012Á2016 calls for universal HIV testing of every South African 12 years and older (sexually active, with previous HIV-negative test, or of unknown status) on an annual basis [29, 30] . Knowledge of status may motivate greater responsibility among HIV-positive individuals towards preventing transmission to sexual partners [31] .
There are a number of limitations to this study. No information was available about individuals who presented for a CD4 test but did not return for their results. It is possible that the pre-ART individuals in this study do not represent all individuals with CD4 500 cells/ml who access the programme at least once. However, the gender and age balance of this study group is consistent with the demographic profile of the larger programme [6] . The ART-eligible group is also broadly representative of ART-initiators in the local programme [23] and in eight public-sector programmes in South Africa [32] . It is possible that social desirability influenced the self-reports of sexual behaviours in this study. Other studies in Africa report that men tend to over-and women underreport sexual partnerships [33Á35]. However, a sizable proportion of respondents in this study still report sexual behaviours known to be a risk for onward HIV transmission, despite standard counselling and prevention messaging at the clinic, suggesting that social desirability is relatively low in this rural population. Information about partners was provided by the participant and may have been inaccurate and contributed to the lack of association in this study between most relationship and partner characteristics and the outcomes of interest. The cross-sectional nature of these analyses prevents the examination of causality. A priori, we had hypothesized that individuals with CD4 500 cells//ml accessing HIV care would differ from ARTeligible individuals in terms of psychosocial characteristics. However, the majority of the social support and social capital variables measured, and the stigma and gender norms scores, did not differ significantly between the two ART groups. The pre-ART group appears to have no more access to social support and social capital than the ART-eligible group and be equally in need of support from the community prior to accessing ART. The types of support that communities provide to people initiated on ART include facilitating adherence, physical care and recognizing side effects [36Á38]. Effective ways of community support for pre-ART individuals are less clear, but could include supporting pre-ART individuals to return for regular CD4 testing and providing counselling support to facilitate partner testing. This is an area that would benefit from further research.
Our study indicates a continued risk of onward HIV transmission by pre-ART individuals with CD4500 cells/ml and highlights the need for positive prevention efforts to target this group. Our results also demonstrate a need to strengthen messaging and interventions regarding disclosure, partner HIV testing and consistent condom use among all individuals who access the HIV treatment and care programme.
